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(57) ABSTRACT

An X-ray imaging apparatus and control method thereof pre-
cisely designates an imaging region and reduces user fatigue
by designating a segmentation imaging region using an image
of a target object captured by a camera and automatically
controlling an X-ray generator according to the designated
segmentation imaging region. The X-ray imaging apparatus
includes an X-ray generator to perform X-ray imaging of a
target object by generating and irradiating X-rays, an image
capturer to capture an image of the target object, an image
display to display the image captured by the image capturer,
an input part to receive designation of a region for which
segmentation imaging is to be performed on the image dis-
played on the image display, and a controller to control the
X-ray generator to perform segmentation imaging with
respect to the designated region.

29 Claims, 13 Drawing Sheets
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FIG. 2A
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X-RAY IMAGING APPARATUS AND
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of Korean
Patent Application No. 10-2012-0066427, filed on Jun. 20,
2012 in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference.

BACKGROUND

1. Field

Embodiments disclosed herein relate to an X-ray imaging
apparatus which generates an X-ray image by irradiating a
target object with X-rays, and a control method thereof.

2. Description of the Related Art

An X-ray imaging apparatus irradiates a target object with
X-rays and analyzes X-rays passing through the target object,
thereby discerning an internal structure of the target object.
Since the penetrating ability of X-rays differs according to the
composition of the target object, the internal structure of the
target object may be expressed as an image using an attenu-
ation coefficient which represents the penetrating ability.

During X-ray imaging, the locations of an X-ray generator
and an X-ray detector vary according to which part of the
target object is to be imaged. Before starting X-ray imaging,
a user should directly adjust the locations of the X-ray gen-
erator and the X-ray detector in an imaging room.

When using a segmentation imaging scheme to obtain a
plurality of X-ray images and stitch the obtained X-ray
images, the user should designate segmentation imaging
regions by directly moving the X-ray generator and the X-ray
detector.

Thus, user fatigue may increase, an X-ray imaging time
may increase, and the segmentation imaging regions may not
be precisely adjusted.

SUMMARY

Therefore, it is an aspect of the present invention to provide
an X-ray imaging apparatus to precisely designate an imaging
region and reduce user fatigue by designating a segmentation
imaging region using an image of a target object captured by
a camera and automatically controlling an X-ray generator
according to the designated segmentation imaging region,
and a control method thereof.

It is another aspect of the present invention to provide an
X-ray imaging apparatus to designate a segmentation imag-
ing region using an image of a target object captured by a
camera and to control the location of an X-ray detector
according to the designated imaging region, and a control
method thereof.

Additional aspects of the invention will be set forth in part
in the description which follows and, in part, will be apparent
from the description, or may be learned by practice of the
invention.

In accordance with one aspect of the present invention, an
X-ray imaging apparatus includes an X-ray generator to per-
form X-ray imaging of a target object by generating and
irradiating X-rays, an image capturer to capture an image of
the target object, an image display to display the image cap-
tured by the image capturer, an input part to receive designa-
tion of a region for which segmentation imaging is to be
performed on the image displayed on the image display, and
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a controller to control the X-ray generator to perform seg-
mentation imaging with respect to the designated region.

The input part may receive designation of a start point and
an end point of the region for which segmentation imaging is
to be performed.

The controller may calculate at least one of the number of
imaging times, a location, and an angle of the X-ray generator
based on the image captured by the image capturer and the
region designated through the input part.

The controller may control at least one of the number of
imaging times, the location, and the angle of the X-ray gen-
erator based on the calculated result.

The input part may receive designation of a plurality of
segmentation regions in the region for which segmentation
imaging is to be performed.

The controller may calculate at least one of a location and
an angle of the X-ray generator based on the image captured
by the image capturer and the region designated through the
input part.

The controller may control at least one of the location and
angle of the X-ray generator based on the calculated result.

The X-ray imaging apparatus may further include an X-ray
detector to detect X-rays which are irradiated by the X-ray
generator and penetrate the target object, and the controller
may control a location of the X-ray detector based on the
captured image and the region designated through the input
part.
The controller may calculate the location of the X-ray
detector based on the region designated through the input part
and control the location of the X-ray detector according to the
calculated result.

The controller may calculate the location of the X-ray
detector according to a location or angle of the X-ray genera-
tor and control the location of the X-ray detector according to
the calculated result.

In accordance with another aspect of the present invention,
an X-ray imaging apparatus includes an X-ray generator to
generate and irradiate X-rays, an X-ray detector to detect the
X-rays irradiated by the X-ray generator, an image capturer to
capture an image of a target object, an image display to
display the image captured by the image capturer, an input
part to receive designation of a location of the X-ray detector
on the image displayed on the image display, and a controller
to control the X-ray detector to move to the designated loca-
tion.

The designation of the location of the X-ray detector may
include at least one of designation of an X-ray imaging region
of the target object or designation of a central location of the
X-ray detector.

If the central location of the X-ray detector is designated
through the input part, the controller may control the X-ray
detector so that the designated central location on the image
of the target object corresponds to the central location of the
X-ray detector.

In accordance with a further aspect of the present inven-
tion, a control method of an X-ray imaging apparatus includes
capturing an image of a target object using an image capturer,
displaying the captured image of the target image, receiving
designation of a region for which segmentation imaging is to
be performed on the displayed image of the target object,
calculating the number of imaging times to perform segmen-
tation imaging with respect to the designated region, and a
location or angle of the X-ray generator, and controlling the
X-ray generator according to the calculated result.

The receiving may include receiving designation of a start
point and an end point of a whole segmentation imaging
region on the displayed image of the target image.
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The receiving may include receiving designation of each of
a plurality of segmentation regions on the displayed image of
the target object.

The controlling may include calculating at least one of the
number of imaging times, a location, and an angle of the
X-ray generator based on the image captured by the image
capturer and the designated region.

The controlling may include calculating at least one of a
location and an angle of the X-ray generator based on the
image captured by the image capturer and the designated
region.

The method may further include controlling a location of
an X-ray detector based on the captured image and the region
designated through the input part.

In accordance with still another aspect of the present inven-
tion, a control method of an X-ray imaging apparatus includes
capturing an image of a target object using an image capturer,
displaying the captured image of the target object, receiving
designation of alocation of an X-ray detector on the displayed
image of the target object, calculating the location of the
X-ray detector corresponding to the designated location, and
controlling the X-ray detector to move to the designated
location.

The designation of the location of the X-ray detector may
include at least one of designation of an X-ray imaging region
of the target object or designation of a central location of the
X-ray detector.

The calculating may include calculating a location of the
X-ray detector capable of detecting X-rays penetrating the
designated imaging region if the X-ray imaging region of the
target object is designated.

The calculating may include calculating a location of the
X-ray detector so that the designated central location on the
image of the target object corresponds to an actual central
location of the X-ray detector if the central location of the
X-ray detector is designated.

In accordance with still another aspect of the present inven-
tion, a control method of an X-ray imaging apparatus may
include receiving a selection of a region of an image corre-
sponding to a target object, the selection including a starting
point and ending point; splitting the region into a plurality of
segmentation regions based on the starting point and ending
point; calculating, for each segmentation region, a position of
a X-ray generator; and automatically positioning the X-ray
generator to irradiate X-rays toward the target object, for each
segmentation region.

The control method may further include receiving a selec-
tion designating a position of an X-ray detector using an
image corresponding to the target object, and automatically
positioning the X-ray detector to detect X-rays irradiated
from the X-ray generator.

The control method may further include performing a cali-
bration, prior to X-ray imaging of the target object, to calcu-
late a location relationship between an image of an object and
an X-ray image.

The control method may further include receiving an input
adjusting an overlap region between two or more segmenta-
tion regions to prevent multiple exposures of X-rays to a body
part by the X-ray imaging apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the invention will become
apparent and more readily appreciated from the following
description of the embodiments, taken in conjunction with the
accompanying drawings of which:
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FIG. 1 is a diagram illustrating exemplary segmentation
images which may be obtained by an X-ray imaging appara-
tus according to an embodiment of the present invention;

FIGS. 2A and 2B are diagrams illustrating designation of
segmentation imaging regions in a conventional X-ray imag-
ing apparatus;

FIG. 3 is a block diagram of an X-ray imaging apparatus
according to an exemplary embodiment of the present inven-
tion;

FIG. 4 is adiagram illustrating an entire configuration of an
X-ray imaging apparatus according to an exemplary embodi-
ment of the present invention.

FIG. 5 is a diagram illustrating a screen representing a
method of designating segmentation imaging regions in an
X-ray imaging apparatus according to an exemplary embodi-
ment of the present invention;

FIG. 6 is a diagram illustrating another screen representing
a method of designating segmentation imaging regions in an
X-ray imaging apparatus according to an exemplary embodi-
ment of the present invention;

FIG. 7 is a block diagram of an X-ray imaging apparatus
including an X-ray imaging processor according to the exem-
plary embodiment of the present invention;

FIG. 8 is a block diagram of an X-ray imaging apparatus
according to another exemplary embodiment of the present
invention;

FIG. 9 is a flowchart illustrating a control method of an
X-ray imaging apparatus according to an exemplary embodi-
ment of the present invention;

FIG. 10 is a flowchart illustrating an embodiment of dif-
ferently designating segmentation imaging regions;

FIG. 11 is a flowchart illustrating a method of adjusting the
angle of the X-ray generator; and

FIG. 12 is a flowchart illustrating a control method of an
X-ray imaging apparatus according to another exemplary
embodiment of the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to the embodiments
of the present invention, examples of which are illustrated in
the accompanying drawings, wherein like reference numerals
refer to like elements throughout.

Before providing a detailed embodiment of the present
invention, segmentation imaging of an X-ray imaging appa-
ratus according to an exemplary embodiment of the present
invention will be briefly described for a better understanding
of the disclosed subject matter.

FIG. 1 illustrates exemplary segmentation images which
may be obtained through an X-ray imaging apparatus accord-
ing to an embodiment of the present invention.

When it is desired to irradiate a diagnosis part of a target
object with X-rays, if an X-ray irradiation region is narrower
than the diagnosis part or if an X-ray detection region is
narrower than the diagnosis part, the diagnosis part is some-
times unable to be imaged through one-time imaging.

In this case, one X-ray image of a desired diagnosis part
may be obtained in a manner of segmenting the diagnosis part
into a plurality of regions, X-ray imaging each region, and
stitching together the acquired X-ray images.

As one exemplary embodiment, a lower half of the body,
which is a target object, is segmented into three regions in
order to X-ray image the lower half of the body as illustrated
in FIG. 1. X-ray imaging is separately performed with respect
to the respective regions to obtain three X-ray images 10a,
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104, and 10c. The three X-ray images 10a, 105, and 10c are
stitched together to generate one X-ray image 10 of the lower
half of the body.

To generate one X-ray image through segmentation X-ray
imaging as illustrated in FIG. 1, the position or angle of an
X-ray generator should be adjusted to X-ray image each
segmented region. To this end, a user may adjust the position
or angle ofthe X-ray generator whenever segmentation imag-
ing is performed. However, to solve such an inconvenience, a
method has been recently used by which the X-ray generator
automatically moves when segmentation imaging regions are
preset.

FIGS. 2A and 2B illustrate designation of segmentation
imaging regions in a conventional X-ray imaging apparatus.

While a variety of segmentation imaging designation
schemes may be used, generally, a start point and an end point
of'the whole region for segmentation imaging are designated.
Conventionally, a user may designate the start point as illus-
trated in FIG. 2A and the end point as illustrated in FIG. 2B,
by directly moving a tube head unit (THU) of an X-ray
generator 20. The user designates any regions of a target
object 30 between the X-ray generator 20 and an X-ray detec-
tor 40 as the start and end points.

As illustrated in FIGS. 2A and 2B, designation of segmen-
tation imaging regions may be performed by directly moving
a large THU, which may make it difficult for a user to pre-
cisely designate the segmentation imaging regions and may
cause severe fatigue to the user.

Accordingly, an X-ray imaging apparatus according to an
aspect of the present invention acquires a realistic image of a
target object and designates segmentation imaging regions in
the acquired image, thereby precisely designating the seg-
mentation imaging regions and preventing user fatigue.

Before describing the embodiment of the present inven-
tion, it should be noted that obtaining a single image by
segmenting an X-ray imaging target region into a plurality of
regions and imaging the plurality of segmented regions may
be referred to by various terms such as panoramic imaging,
stitching imaging, segmentation imaging, etc. For conve-
nience of description, such imaging (panoramic imaging,
stitching imaging, segmentation imaging, etc) will be
referred to as segmentation imaging and each of the plurality
of segmented regions will be referred to as a segmentation
region, in the embodiments which will be described. An
image obtained by imaging the segmentation region will be
referred to as a segmentation image and one image generated
by combining or stitching together a plurality of segmented
images will be referred to as a stitching image. For example,
with reference to FI1G. 1, X-ray images 10a, 105, and 10c may
be referred to as first, second, and third segmentation regions,
respectively. Likewise, X-ray image 10 may be referred to as
a stitching image, as it is comprised of the three X-ray images
104, 105, and 10c which are stitched together to generate one
image.

FIG. 3 is a block diagram of an X-ray imaging apparatus
according to an exemplary embodiment of the present inven-
tion. FIG. 4 is a diagram illustrating an overall configuration
of an X-ray imaging apparatus according to an exemplary
embodiment of the present invention.

Referring to FIGS. 3 and 4, an X-ray imaging apparatus
100 according to an exemplary embodiment of the present
invention includes an X-ray generator 130 to generate and
irradiate X-rays, an image capturer 110 to capture an image of
a target object, an image display 150 to display the captured
image of the target object, an input part 160 to receive desig-
nation of regions for which segmentation imaging is to be
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performed from the displayed image of the target object, and
a controller 120 to control the X-ray generator 130 based on
a designated region.

The X-ray generator 130 receives power from a power
supply (not shown), generates X-rays having a given level of
energy, and irradiates a target object with X-rays. X-rays of a
single energy level may be irradiated throughout X-ray imag-
ing or X-rays having different energy levels may be irradiated
to the same part.

The image capturer 110 captures an image of a target
object. The captured image is different from an X-ray image
and refers to an image through which the shape, size, position,
etc. of the target object may be discerned. As an embodiment,
the image of the target object may be a realistic image which
is a still image or a moving image.

Therefore, the image capturer 110 may be achieved (or
embodied) by a camera, for example a camera which is a
general image pickup device. The image capturer 110 may be
installed such that it faces in the same or substantially similar
direction as the direction of the irradiating X-rays of the X-ray
generator 130, in the direction of an X-ray detector 140, or in
the direction of the target object.

As illustrated in FIG. 4, the image capturer 110 may be
installed at a portion of the X-ray generator 130. However, the
embodiment of the present invention is not limited thereto
and the image capturer 110 may be installed at any place so
long as an image of the target object can be obtained. That is,
the image capturer 110 may be disposed at a remote location
rather than at the X-ray generator 130.

The image display 150 displays the image of the target
object captured by the image capturer 110 so that a user may
designate segmentation imaging regions through the dis-
played image. The image display 150 may be included in the
X-ray generator 130 as illustrated in FIG. 4 so that the user
may designate the segmentation imaging regions in an
inspection room. Alternatively, the image display 150 may be
included in a host device to control overall operation of the
X-ray imaging apparatus. The host device may include, for
example, a personal computer, a mobile or portable device
(e.g., acell phone, personal media player, tablet, PDA, laptop,
etc.), and the like. The host device may be connected to the
X-ray imaging apparatus over a wired or wireless network, or
a combination thereof. The display of the image display may
include, for example, a LCD display panel, LED display
panel, plasma display panel, OLED display panel, and the
like.

The input part 160 receives designation or selection of
segmentation imaging regions from the user. If the image of
the target object is displayed through the image display 150,
the user designates or selects segmentation imaging regions
on the displayed image of the target object. A detailed
embodiment of designation of the segmentation imaging
regions will be described later.

The input part 160 may be included in a portion of the
X-ray generator 130 as illustrated in FIG. 4 or in a separate
host device as in the image display 150. Although the instal-
lation location of the input part 160 is not limited, it is desir-
able to adjacently install the input part 160 to the image
display 150 so that the user may designate the segmentation
imaging regions through the image of the target object dis-
played on the image display 150.

While the input part 160 may be implemented in a button
form as illustrated in FIG. 4, the present embodiment is not
limited thereto and the input part 160 may be implemented in
the form of a mouse, a keyboard, a stylus, a touch pad, a
trackball, through voice commands, or any combination
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thereof, etc. If the image display 150 is a touchscreen, the
touchscreen may perform both functions of the image display
150 and the input part 160.

If designation of the segmentation imaging regions is input
through the input part 160, the controller 120 calculates the
number of imaging times to perform segmentation imaging of
the designated region, the location of the X-ray generator 130,
or the angle of the X-ray generator 130 and controls the X-ray
generator 130 according to the calculated result.

X-rays radiated by the X-ray generator 130 penetrate the
target object and are detected by the X-ray detector 140. Ifthe
X-ray detection region of the X-ray detector 140 is less than
the whole segmentation imaging region, the location of the
X-ray detector 140 should vary with the irradiation region of
X-rays. Accordingly, the controller 120 may also control the
location of the X-ray detector 140 according to segmentation
regions for which X-ray imaging is to be performed.

For example, in the case where the whole segmentation
imaging region includes three regions, when the first segmen-
tation region is irradiated with X-rays, the controller 140 may
move the X-ray detector 140 to a location at which X-rays
penetrating the first segmentation region can be detected.
When the second segmentation region is irradiated with
X-rays, the controller 140 may move the X-ray detector 140
to a location at which X-rays penetrating the second segmen-
tation region can be detected. When the third segmentation
region is irradiated with X-rays, the controller 140 may move
the X-ray detector 140 to a location at which X-rays penetrat-
ing the third segmentation region can be detected.

Notably, the above example is purely an embodiment of the
present invention and, if the detection region of the X-ray
detector 140 covers the whole segmentation imaging region,
the location of the X-ray detector 140 may not need to be
controlled. Further, the disclosure herein is not limited to a
segmentation imaging region including three regions. The
segmentation imaging region may include more than three
regions, or less than three regions.

FIG. 5 illustrates a screen representing a method of desig-
nating segmentation imaging regions in an X-ray imaging
apparatus according to an exemplary embodiment of the
present invention and FIG. 6 illustrates another screen repre-
senting a method of designating segmentation imaging
regions.

The input part 160 may receives designation of the whole
region for which segmentation imaging is to be performed or
designation of each of a plurality of segmentation regions
constituting the whole region. As one embodiment of the
former, the start point and end point of the whole region may
be designated. As one embodiment of the latter, the start point
and end point of each segmentation region may be desig-
nated.

As illustrated in FIG. 5, if an image of a target object is
displayed through the image display 150, a user may desig-
nate, through the input part 160, a start point 50a and an end
point 50f'of a whole region 50 for which segmentation imag-
ing is to be performed.

If the start point 50a and the end point 507 are designated,
the controller 120 calculates the number of imaging times to
perform segmentation imaging of the whole region 50 and the
location or angle of the X-ray generator 130. The angle of the
X-ray generator 130 refers to an X-ray irradiation angle of the
X-ray generator 130.

In consideration of the size of a region for which X-ray
imaging may be performed at one time, the designated whole
region 50 may (automatically) be split into a plurality of
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segmentation regions and X-ray imaging may be performed
the number of times corresponding to the number of segmen-
tation regions.

For example, if the whole region 50 is split into three
segmentation regions, X-ray imaging may be performed three
times in order to obtain segmentation images for the respec-
tive segmentation regions and the location or angle of the
X-ray generator 130 may be differently controlled whenever
X-ray imaging is performed.

If segmentation imaging for the whole region 50 can be
performed by controlling only the angle of the X-ray genera-
tor 130, the controller 120 calculates the number of X-ray
imaging times (the number of segmentation regions) and the
angle of the X-ray generator 130 corresponding to each seg-
mentation region and controls the X-ray generator 130
according to the calculated result.

As described earlier, the input part 160 may receive an
input designating or selecting each of a plurality of segmen-
tation regions. Referring to FIG. 6, if the image of the target
object is displayed on the image display 150, a user may
designate a plurality of segmentation regions 51, 52, and 53
constituting a whole region 50. As can be seen from FIG. 6,
and as will be discussed further, a plurality of regions may
overlap with one another.

As an embodiment, the user may designate the start point
and end point of each segmentation region as illustrated in
FIG. 6. If it is desired to split the whole region 50 into three
segmentation regions, a start point 50a and an end point 505
of'a first segmentation region 51, a start point 50¢ and an end
point 504 of a second segmentation region 52, and a start
point 5e and an end point 50f of a third segmentation region 53
may be designated.

Upon direct designation of the plurality of segmentation
regions, the user may adjust the location of an overlapping
region. Referring to FIG. 6 for example, the first segmentation
region 51 overlaps between the points 50c¢ and 505 with the
second segmentation region 52 and the second segmentation
region 52 overlaps between the points 50e¢ and 504 with the
third segmentation region 53. The overlapping regions are
irradiated with X-rays twice or more and it is desirable that a
body part sensitive to X-ray exposure not correspond to the
overlapping region. Accordingly, while designating the seg-
mentation regions, the user may actively control the overlap-
ping regions so that the overlapping regions do not corre-
spond to body parts sensitive to X-ray exposure. That is, the
user and/or the controller may adjust the segmentation
regions so that the regions do not overlap, or overlap mini-
mally, to prevent a body part in a segmentation region from
being irradiated more than once by the X-ray imaging device.

Operation of the controller 120 will be described in more
detail. Before operating the X-ray imaging apparatus 100,
calibration may be performed to calculate a location relation-
ship between an image obtained through the image capturer
110 and an X-ray image.

If regions segmented by the controller 120 or designated
directly by the user with respect to an image obtained through
the image capturer 110 are a first segmentation region, a
second segmentation region, and a third segmentation region,
the controller 120 calculates a first location or a first angle at
which the first segmentation region is irradiated with X-rays,
a second location or a second angle at which the second
segmentation region is irradiated with X-rays, and a third
location or a third angle at which the third segmentation
region is irradiated with X-rays, based on the previous cali-
bration result.

The controller 120 transmits a control signal to a driver (not
shown) of a motor etc. to move the X-ray generator 130 to
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image the first segmentation region by setting the angle of the
X-ray generator 130 to the first angle, image the second
segmentation region by setting the angle of the X-ray genera-
tor 130 to the second angle, and image the third segmentation
region by setting the angle of the X-ray generator 130 to the
third angle. The imaging order may be changeable. That is,
the controller 120 may control the X-ray generator 130 to
image the segmentation regions in any order. For example, the
controller 120 may control the X-ray generator 130 to image
the segmentation regions according to an order set by the user,
an order which is most time efficient, an order according to a
size of a region, etc.

FIG. 7 illustrates an X-ray imaging apparatus further
including an X-ray imaging processor.

Referring to FIG. 7, the X-ray imaging apparatus accord-
ing to the exemplary embodiment of the present invention
may further include an X-ray image processor 170. Other
constructions of the X-ray imaging apparatus except for the
X-ray image processor 170 are the same as those described
previously and therefore a detailed description thereof will be
omitted.

The X-ray image processor 170 generates an X-ray image
using an X-ray signal detected by the X-ray detector 140.
Specifically, the X-ray image processor 170 generates a seg-
mentation image for each segmentation region and, if a plu-
rality of segmentation images for the whole segmentation
imaging region is generated, performs a stitching algorithm to
stitch the generated segmentation images together, thereby
generating one image, i.e. a stitching image. Here, the seg-
mentation image refers to an X-ray image generated by pro-
cessing the detected X-ray signal and the stitching image
refers to one X-ray image of the whole segmentation imaging
region designated by a user.

The generated stitching image may be displayed on an
image display which may be the same as the image display
150 on which an image of a target object is displayed and/or
may be displayed on a display which is different from the
image display 150. That is, the generated stitching image may
be displayed on the image display 150 included in the X-ray
generator 130 and/or may be displayed on an image display
included in a separate host device. As stated previously, the
X-ray imaging device according to the various embodiments
disclosed herein may be connected to a host device or other
devices over a wired or wireless network, or a combination
thereof to perform various functions (e.g., image capturing,
displaying images, receiving input information, etc.).

An X-ray imaging device according to another exemplary
embodiment of the present invention will be described below.

FIG. 8 is a block diagram of an X-ray imaging apparatus
according to another exemplary embodiment of the present
invention.

Referring to FIG. 8, the X-ray imaging apparatus includes
an X-ray generator 230 to generate and irradiate X-rays, an
X-ray detector 240 to detect X-rays penetrating a target
object, an image capturer 210 to capture an image of the target
object, an image display 250 to display the captured image of
the target object, an input part 260 to receive designation of
the location of the X-ray detector 240 on the displayed image
of the target object, and a controller 220 to control the X-ray
detector 240 according to the designated location.

As mentioned above, even if the X-ray generator 230 irra-
diates an imaging region of the target object with X-rays, the
X-ray detector 240 should detect X-rays penetrating the tar-
get object to acquire an X-ray image for the imaging region.
Accordingly, while X-ray imaging is performed, the X-ray
detector 240 should be able to accurately detect X-rays pen-
etrating the imaging region by matching the location of the

40

45

55

60

10

X-ray generator 230 or the location of the imaging region of
the target object and the location of the X-ray detector 240.

If a user directly moves (e.g., manually moves) the X-ray
detector 240 to adjust the location thereof, it is difficult to
accurately and precisely control the location and user fatigue
may increase.

Accordingly, the X-ray imaging apparatus 200 according
to another exemplary embodiment of the present invention
obtains the image of the target object through the image
capturer 210 and displays the obtained image, thereby caus-
ing a user to designate the location of the X-ray detector 240
on the displayed image of the target object.

The X-ray generator 230 receives power from a power
supply (not shown), generates X-rays having a given level of
energy, and irradiates a target object with X-rays. X-rays of a
single energy level may be irradiated throughout X-ray imag-
ing or X-rays having different energy levels may be irradiated
to the same part.

The image capturer 210 captures the image of the target
object. The captured image is different from an X-ray image
and refers to an image through which the shape, size, position,
etc. of the target object may be discerned. As an embodiment,
the image of the target object may be a realistic image which
is a still image or a moving image.

Therefore, the image capturer 210 may be achieved or
embodied by a camera which is a general image pickup
device and may be installed such that the image capturer 210
faces in a same or substantially similar direction as the direc-
tion of the irradiating X-rays of the X-ray generator 230, in
the direction of an X-ray detector 240, or in the direction of
the target object.

The image capturer 210 may be installed at a portion of the
X-ray generator 230. However, the present embodiment is not
limited thereto and the image capturer 210 may be installed at
any place so long as an image of the target object can be
captured.

The image display 250 displays the image of the target
object captured by the image capturer 210 so that a user can
designate the location of the X-ray detector 240 through the
displayed image.

The image display 250 may be included in the X-ray gen-
erator 230 so that the user may designate the location of the
X-ray detector 240 in an inspection room. Alternatively, the
image display 250 may be included in a host device to control
overall operation of the X-ray imaging apparatus 200.

If the image of the target object is captured by the image
capturer 210 and is displayed on the image display 250, the
user designates the location of the X-ray detector 240 through
the input part 260 on the image of the target object. In this
case, an imaging region for which X-ray imaging is to be
performed may be designated in the displayed image of the
target object or the location of the X-ray detector 240 may be
directly designated in the displayed image of the target object.

If an imaging region for which X-ray imaging is to be
performed is designated through the input part 260, the con-
troller 220 may calculate the location of the X-ray detector
240 capable of detecting X-rays penetrating the designated
imaging region or may calculate an actual location of the
X-ray detector 240 to match the center of the designated
imaging region on the image of the target object and the center
of the X-ray detector 240.

As an embodiment of designating the imaging region, a
method of designating the start point and end point of the
imaging region on the image of the target object displayed on
the image display 250 may be applied in a similar way to the
designation method described with reference to FIG. 5.
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If the location of the X-ray detector 240 is designated
through the input part 260, the controller 220 controls the
X-ray detector 240 such that the location designated in the
image of the target object may correspond to the actual loca-
tion of the X-ray detector 240.

As an embodiment of designating the location or position
of the X-ray detector 240, the central location of the X-ray
detector 240 may be designated in the image of the target
object displayed on the image display 250. If the central
location or center position of the X-ray detector 240 is des-
ignated, the controller 220 may calculate the location of the
X-ray detector 240 such that the central location of the X-ray
detector 240 designated in the image of the target object may
correspond to the actual central location of the X-ray detector
240. Alternatively, or in addition to the above embodiment,
another location of the X-ray detector 240 may be designated
(for example, a top, bottom, or corner location), and the
controller 220 may calculate the location of the X-ray detec-
tor 240 such that the other location (for example, a top,
bottom, or corner location) of the X-ray detector 240 desig-
nated in the image of the target object may correspond to the
actual other location (for example, a top, bottom, or corner
location) of the X-ray detector 240.

The controller 220 controls the X-ray detector 240 so that
the X-ray detector 240 moves to the calculated location. Spe-
cifically, the controller 220 generates a control signal to move
the X-ray detector 240 to the calculated location and trans-
mits the control signal to a driver (not shown) to move the
X-ray detector 240, thereby controlling the location of the
X-ray detector 240.

The controller 220 may control the location or angle of the
X-ray generator 230 in addition to the location of the X-ray
detector 240. If a user designates, through the input part 260,
an X-ray imaging region on the image of the target object
displayed on the image display 250, the controller 220 may
calculate the location of the X-ray generator 230 to irradiate
the designated imaging region with X-rays and the location of
the X-ray detector 240 to detect X-rays penetrating the des-
ignated imaging region. That is, one of ordinary skill in the art
would understand that FIG. 7 and FIG. 8 are separately shown
merely for ease of understanding of the invention, and that the
embodiments disclosed herein regarding FIG. 7 and FIG. 8
may be combined such that the controller is configured,
adapted, or capable of controlling the x-ray generator and/or
x-ray detector.

If'the user designates a location (e.g., a central location) of
an X-ray irradiation region on the image of the target object
displayed on the image display 250 through the input part
260, the controller 220 may calculate the location or angle of
the X-ray generator 230 so that the designated location may
correspond to an actual location (e.g., a center location) of the
X-ray irradiation region and calculate the location of the
X-ray detector 240 so that the designated location may cor-
respond to the location (e.g., center) of the X-ray detector
240.

If'the user designates a location (e.g., a central location) of
an X-ray detector 240 on the image of the target object dis-
played on the image display 250, the controller 220 may
calculate locations of the X-ray detector 240 and the X-ray
generator 230 so that the designated location may correspond
to the actual location (e.g., central location) of the X-ray
detector 240 and the actual location (e.g., central location) of
the X-ray generator 230.

The controller 220 transmits a control signal correspond-
ing to the calculated result to the driver to drive the X-ray
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detector 240 and the X-ray generator 230, thereby controlling
the locations of the X-ray detector 240 and the X-ray genera-
tor 230.

The controller 220 may control only one of the locations of
the X-ray generator 230 and the X-ray detector 240.

A control method of an X-ray imaging apparatus according
to an aspect of the present invention will be described below.

FIG. 9 is a flowchart illustrating a control method of an
X-ray imaging apparatus according to an exemplary embodi-
ment of the present invention.

Referring to FIG. 9, the controller 120 captures an image of
a target object through the image capturer 110 (operation
511). The image capturer 110 may be achieved by an image
capturer device such as a camera and the image of the target
object may be an image indicating the shape, size, location,
etc. of the target object, for example, a realistic image. The
image of the target object may be a still image or a moving
image.

The controller 120 displays the captured image of the target
object through the image display 110 (operation 512).

The controller 120 receives designation of a whole seg-
mentation imaging region on the displayed image of the target
object (operation 513). As an embodiment, a start point and an
end point of the whole region may be designated.

The controller 120 calculates the number of imaging times
to perform segmentation imaging with respect to the desig-
nated region and the location or angle of the X-ray generator
130 (operation 514). Specifically, in consideration of the size
of'aregion for which X-ray imaging may be performed at one
time, the designated whole region is split into a plurality of
segmentation regions and X-ray imaging may be performed
the number of times corresponding to the number of segmen-
tation regions. If segmentation imaging for the whole region
can be performed by controlling only the angle of the X-ray
generator 130, the controller 120 calculates the number of
X-ray imaging times (the number of segmentation regions)
and the angle of the X-ray generator 130 corresponding to
each segmentation region and controls the X-ray generator
130 according to the calculated result.

According to the calculated result, the controller 120 con-
trols the number of X-ray imaging times and location or angle
of the X-ray generator 130 (operation 515).

FIG. 10 is a flowchart illustrating an embodiment of dif-
ferently designating segmentation imaging regions.

Referring to FIG. 10, the controller 120 captures an image
of a target object through the image capturer 110 (operation
521) and displays the captured image of the target object
through the image display 110 (operation 522). As described
with reference to FIG. 8, the image of the target object may be
an image indicating the shape, size, location, etc. of the target
object, for example, a realistic image.

The controller 120 receives designation of a plurality of
segmentation regions on the displayed image of the target
object (operation 523). As an embodiment, a start point and an
end point of each segmentation region may be designated
and, if the whole region is split into three segmentation
regions, the start and end points of a first segmentation region,
the start and end points of a second segmentation region, and
the start and end points of a third segmentation region may be
designated. As stated above, the user and/or the controller
may adjust the segmentation regions so that the regions do not
overlap, or overlap minimally, to prevent a body part in a
segmentation region from being irradiated more than once by
the X-ray imaging device.

The controller 120 calculates the location or angle of the
X-ray generator 130 to separately image the designated seg-
mentation regions (operation 524). As an embodiment, if the
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first, second, and third segmentation regions are designated
under the premise that the location ofthe X-ray generator 130
is fixed, the controller 120 calculates a first angle at which the
X-ray generator 130 irradiates the first segmentation region
with X-rays, a second angle at which the X-ray generator 130
irradiates the second segmentation region with X-rays, and a
third angle at which the X-ray generator 130 irradiates the
third segmentation region with X-rays. If the location of the
X-ray generator 130 should be adjusted, a first location, a
second location, and a third location may be calculated. That
is, a location and an angle of the X-ray generator 130 may be
calculated to separately image the designated segmentation
regions.

The controller 120 adjusts the location and/or angle of the
X-ray generator 130 according to the calculated result (opera-
tion 525).

FIG. 11 is a flowchart illustrating a method of adjusting the
angle of the X-ray generator. The embodiment shown in FIG.
11 may be included in both operation 515 of FIG. 9 and
operation 525 of FIG. 10. For ease of illustrating the claimed
invention, it is assumed that the calculated angles ofthe X-ray
generator 130 are the first angle, the second angle, and the
third angle as in the example in FIG. 9. However, more or less
than three angles may be computed and adjusted for the X-ray
generator 130.

The controller 120 adjusts the angle of the X-ray generator
130 to have the first angle (operation 531). The angle of the
X-ray generator 130 refers to an angle at which X-rays are
irradiated. If the controller 120 generates a control signal and
transmits the control signal to a driver of a motor etc., the
driver may adjust the angle of the X-ray generator 130.

If'the angle of the X-ray generator 130 is the first angle, the
controller 120 controls the X-ray generator 130 to perform
first segmentation imaging by irradiating a first segmentation
region with X-rays (operation 532). The irradiated X-rays
penetrate a target object and are detected by the X-ray detec-
tor 140.

If first segmentation imaging is completed, the controller
120 adjusts the angle of the X-ray generator 130 to the second
angle (operation 533).

If'the angle of the X-ray generator 130 is the second angle,
the controller 120 controls the X-ray generator 130 to per-
form second segmentation imaging by irradiating the second
segmentation region with X-rays (operation 534). The irradi-
ated X-rays penetrate the target object and are detected by the
X-ray detector 140.

If second segmentation imaging is completed, the control-
ler 120 adjusts the angle of the X-ray generator 130 to have
the third angle (operation 535).

Ifthe angle of the X-ray generator 130 is the third angle, the
controller 120 controls the X-ray generator 130 to perform
third segmentation imaging by irradiating the third segmen-
tation region with X-rays (operation 536). The irradiated
X-rays penetrate the target object and are detected by the
X-ray detector 140. As stated previously, the segmentation
regions may be irradiated in any order, and therefore the
above-described order is merely by way of example. For
example, the X-ray generator 130 may first be set to the third
angle, and the controller 120 may control the X-ray generator
130 to perform third segmentation imaging by irradiating the
third segmentation region with X-rays. The angle ofthe X-ray
generator 130 may then be set to the second angle, and the
controller 120 may control the X-ray generator 130 to per-
form second segmentation imaging by irradiating the second
segmentation region with X-rays.

The controller 120 obtains a plurality of segmentation
images using the detected X-ray signals and generates and
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displays one stitching image for a whole segmentation imag-
ing region by stitching together the plurality of segmentation
images (operation 537).

FIG. 12 is a flowchart illustrating a control method of an
X-ray imaging apparatus according to another exemplary
embodiment of the present invention.

Referring to FIG. 12, the controller 220 captures an image
of a target object through the image capturer 210 (operation
541) and displays the captured image of the target object
through the image display 110 (operation 542). The image of
the target object may be as described with reference to FIG. 9.

The controller 220 receives designation of the location of
the X-ray detector 240 on the displayed image of the target
object (operation 543). In this case, an imaging region in
which X-ray imaging is to be performed may be designated in
the displayed image of the target object and a central location
of the X-ray detector 140 may be designated.

The controller 220 calculates an actual location of the
X-ray detector 240 corresponding to the designated location
(operation 544).

Ifthe imaging region is designated, the controller 220 may
calculate the location of the X-ray detector 240 capable of
detecting X-rays penetrating the designated imaging region
or calculate the location of the X-ray detector 240 so that the
center of the designated imaging region on the image of the
target object corresponds to an actual center of the X-ray
detector 240.

If the central location of the X-ray detector 240 is desig-
nated, the controller 220 may calculate the location of the
X-ray detector 240 so that the designated central location on
the image of the target object corresponds to the actual central
location of the X-ray detector 240.

According to the calculated result, the controller 220 con-
trols the location of the X-ray detector 240 (operation 545).
Specifically, the controller 220 generates a control signal to
move the X-ray detector 240 to the calculated location and
transmits the control signal to a drive to move the X-ray
detector 240, thereby controlling the location of the X-ray
detector 240.

Together with location control of the X-ray detector 240,
the location or angle of the X-ray detector 230 may be con-
trolled. A detailed description thereof will be omitted because
a detailed description has been give with reference to FIG. 8.
Further, one of ordinary skill in the art would understand that
FIGS. 9 through 12 are separately shown merely for ease of
understanding of the invention, and that the embodiments
disclosed therein regarding FIGS. 9 through 12 may be com-
bined such that the controller is configured, adapted, or
capable of controlling the x-ray generator and/or x-ray detec-
tor.

The above-described X-ray imaging apparatus and control
method thereof according to the embodiments of the present
invention may precisely designate an imaging region and may
reduce user fatigue by designating a segmentation imaging
region using an image of a target object captured by a camera
and by automatically controlling the X-ray generator accord-
ing to designated segmentation imaging regions.

In addition, repetitive irradiation of an important body part
with X-rays may be prevented by adjusting regions in which
segmentation imaging is repeated.

Furthermore, the X-ray imaging apparatus and control
method thereof according to another aspect of the present
invention may reduce user fatigue and an imaging time by
designating the location of the X-ray detector using the image
of'the target object captured by a camera and by automatically
controlling the location of the X-ray detector according to the
designated location.
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Here it is noted that the X-ray imaging apparatus and
control method according to the example embodiments dis-
closed herein may reduce user fatigue and an imaging time by
designating a segmentation imaging region using an image of
a target object captured by a camera and by automatically
controlling the X-ray generator according to designated seg-
mentation imaging regions as well as by automatically con-
trolling the location of the X-ray detector according to the
designated location of the X-ray detector. The X-ray imaging
apparatus according to the above-disclosed example embodi-
ments may be applied to a target object including a human, an
animal, or to any other objects for which a X-ray imaging may
be applied (e.g., security applications such as airport security
or border security, industrial applications such as taking x-ray
images of welds, art applications such as taking x-ray images
of paintings, etc.).

The x-ray imaging apparatus and methods according to the
above-described example embodiments may use one or more
processors, which may include a microprocessor, central pro-
cessing unit (CPU), digital signal processor (DSP), or appli-
cation-specific integrated circuit (ASIC), as well as portions
or combinations of these and other processing devices.

Each block of the flowchart illustrations may represent a
unit, module, segment, or portion of code, which comprises
one or more executable instructions for implementing the
specified logical function(s). It should also be noted that in
some alternative implementations, the functions noted in the
blocks may occur out of the order. For example, two blocks
shown in succession may in fact be executed substantially
concurrently or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved.

The method for controlling an x-ray imaging apparatus
according to the above-described embodiments may be
recorded in non-transitory computer-readable media includ-
ing program instructions to implement various operations
embodied by a computer. The media may also include, alone
or in combination with the program instructions, data files,
data structures, and the like. Examples of non-transitory com-
puter-readable media include magnetic media such as hard
disks, floppy disks, and magnetic tape; optical media such as
CD ROM discs and DVDs; magneto-optical media such as
optical discs; and hardware devices that are specially config-
ured to store and perform program instructions, such as read-
only memory (ROM), random access memory (RAM), flash
memory, and the like. Examples of program instructions
include both machine code, such as produced by a compiler,
and files containing higher level code that may be executed by
the computer using an interpreter. The described hardware
devices may be configured to act as one or more software
modules that are recorded, stored, or fixed in one or more
computer-readable storage media, in order to perform the
operations of the above-described embodiments, or vice
versa. The program instructions may be executed by one or
more processors. In addition, a non-transitory computer-
readable storage medium may be distributed among com-
puter systems connected through a network and computer-
readable codes or program instructions may be stored and
executed in a decentralized manner. In addition, the com-
puter-readable storage media may also beembodied in at least
one application specific integrated circuit (ASIC) or Field
Programmable Gate Array (FPGA).

Although a few example embodiments of the present
invention have been shown and described, it would be appre-
ciated by those skilled in the art that changes may be made to
these embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the
claims and their equivalents.
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What is claimed is:

1. An X-ray imaging apparatus comprising:

an X-ray generator to perform X-ray imaging of a target

object by generating and irradiating X-rays;

camera to capture an image of the target object;

an image display to display the image of the target object

captured by the camera;

an input part to receive designation of a region for which

segmentation imaging is to be performed on the image of
the target object which is displayed on the image dis-
play; and

a controller to control the X-ray generator to perform seg-

mentation imaging based on the designated region ofthe
image of the target object captured by the camera.

2. The X-ray imaging apparatus according to claim 1,
wherein the input part receives designation of a start point and
an end point of the region for which segmentation imaging is
to be performed.

3. The X-ray imaging apparatus according to claim 1,
wherein the controller calculates at least one of the number of
imaging times, a location, and an angle of the X-ray generator
based on the designated region image captured by the camera.

4. The X-ray imaging apparatus according to claim 3,
wherein the controller controls at least one of the number of
imaging times, the location, and the angle of the X-ray gen-
erator based on the calculated result.

5. The X-ray imaging apparatus according to claim 1,
wherein the input part receives designation of a plurality of
segmentation regions in the region for which segmentation
imaging is to be performed.

6. The X-ray imaging apparatus according to claim 5,
wherein the controller calculates at least one of a location and
an angle of the X-ray generator based on the region desig-
nated through the input part.

7. The X-ray imaging apparatus according to claim 6,
wherein the controller controls at least one of the location and
angle of the X-ray generator based on the calculated result.

8. The X-ray imaging apparatus according to claim 1,
further comprising:

an X-ray detector to detect X-rays which are irradiated by

the X-ray generator, wherein the controller controls a
location of the X-ray detector based on the designated
region.

9. The X-ray imaging apparatus according to claim 8,
wherein the controller calculates the location of the X-ray
detector based on the designated region and controls the
location of the X-ray detector according to the calculated
result.

10. The X-ray imaging apparatus according to claim 8,
wherein the controller calculates the location of the X-ray
detector according to a location or angle of the X-ray genera-
tor and controls the location of the X-ray detector according
to the calculated result.

11. The X-ray imaging apparatus according to claim 1,
wherein the camera is disposed on a portion of the X-ray
generator.

12. An X-ray imaging apparatus comprising:

an X-ray generator to irradiate X-rays;

an X-ray detector to detect the X-rays irradiated by the

X-ray generator;

camera to capture an image of a target object;

an image display to display the image of the target object

captured by the camera;

an input part to receive designation of a location of the

X-ray detector on the image of the target object which is
displayed on the image display; and
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a controller to control the X-ray detector to move to the

designated location.

13. The X-ray imaging apparatus according to claim 12,
wherein the designation of the location of the X-ray detector
includes at least one of designation of an X-ray imaging
region of the target object or designation of a central location
of the X-ray detector.

14. The X-ray imaging apparatus according to claim 13,
wherein, if the X-ray imaging region is designated through
the input part, the controller controls the location of the X-ray
detector to enable the X-ray detector to detect X-rays pen-
etrating the designated imaging region.

15. The X-ray imaging apparatus according to claim 13,
wherein, if the central location of the X-ray detector is des-
ignated through the input part, the controller controls the
X-ray detector so that the designated central location on the
image of the target object corresponds to the central location
of the X-ray detector.

16. A control method of an X-ray imaging apparatus, com-
prising:

capturing an image of a target object using a camera;

displaying the captured image of the target object on an

image display;
receiving designation of a region for which segmentation
imaging is to be performed on the image of the target
object which is displayed on the image display;

calculating the number of imaging times to perform seg-
mentation imaging with respect to the designated
region;

calculating a location or angle of a X-ray generator; and

controlling the X-ray generator according to the calculated

result.

17. The control method according to claim 16, wherein the
receiving includes receiving designation of a start point and
an end point of a whole segmentation imaging region on the
image of the target object.

18. The control method according to claim 16, wherein the
receiving includes receiving designation of each of a plurality
of segmentation regions on the image of the target object.

19. The control method according to claim 16, wherein the
controlling includes calculating at least one of the number of
imaging times, a location, and an angle of the X-ray generator
based on the designated region of the image of the target
object captured by the camera.

20. The control method according to claim 16, wherein the
controlling includes calculating at least one of a location and
an angle of the X-ray generator based on the designated
region of the image captured by the camera.

21. The control method according to claim 16, further
comprising:

controlling a location of an X-ray detector based on the

region designated through the input part.

22. A control method of an X-ray imaging apparatus, com-
prising:

capturing an image of a target object using a camera;

displaying the captured image of the target object on an

image display;
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receiving designation of a location of an X-ray detector on
the image of the target object which is displayed on the
image display;

calculating the location of the X-ray detector correspond-

ing to the designated location; and

controlling the X-ray detector to move to the designated

location.

23. The control method according to claim 22, wherein the
designation of the location of the X-ray detector includes at
least one of designation of an X-ray imaging region of the
target object or designation of a central location of the X-ray
detector.

24. The control method according to claim 23, wherein the
calculating includes calculating a location of the X-ray detec-
tor capable of detecting X-rays penetrating the designated
imaging region if the X-ray imaging region of the target
object is designated.

25. The control method according to claim 23, wherein, the
calculating includes calculating a location of the X-ray detec-
tor so that the designated central location on the image of the
target object corresponds to an actual central location of the
X-ray detector if the central location of the X-ray detector is
designated.

26. A control method of an X-ray imaging apparatus, com-
prising:

displaying an image of a target object captured by a camera

on an image display;
receiving a selection of a region of the image of the target
object which is displayed on the image display, the
selection including a starting point and ending point;

splitting the region into a plurality of segmentation regions
based on the starting point and ending point;
calculating, for each segmentation region, a position of a
X-ray generator; and

automatically positioning the X-ray generator to irradiate
X-rays toward the target object, for each segmentation
region.

27. The control method according to claim 26, further
comprising:

receiving a selection designating a position of an X-ray

detector using the image of the target object which is
displayed on the image display; and

automatically positioning the X-ray detector to detect

X-rays irradiated from the X-ray generator.

28. The control method according to claim 26, further
comprising:

performing a calibration, prior to X-ray imaging of the

target object, to calculate a location relationship
between the image of the target object captured by the
camera and an X-ray image.

29. The control method according to claim 26, further
comprising receiving an input adjusting an overlap region
between two or more segmentation regions to prevent mul-
tiple exposures of X-rays to a body part of the target object
from the X-ray imaging apparatus.

#* #* #* #* #*
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